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1.0 INTRODUCTION 
 
 
 This document is the Solidification Treatability Study Report for the Old Burn 
Area (Solid Waste Management Unit (SWMU) 6), the Small Arms Firing Range (SWMU 
8), and the Skeet Range (SWMU 57), Tooele Army Depot (TEAD), Tooele, Utah.  It has 
been prepared for the U.S. Army Corps of Engineers (USACE), Sacramento District, 
under the requirements of Contract No. DACW05-00-D-0010. 
 
1.1 PURPOSE AND OBJECTIVE OF TREATABILITY STUDY 
 
 The purpose of this report is to document the methods and procedures used in 
conducting the solidification treatability study at SWMUs 6, 8, and 57 in June 2001.  All 
work was conducted in accordance with the Solidification Treatability Study Work Plan 
(TSWP), (URS, 2001).  As stated in the Final Feasibility Study (FS) Report, Operable 
Units 4 and 8, Tooele Army Depot, Tooele, Utah (Dames & Moore, 1999) and the 
Revised Final Record of Decision (ROD) Operable Unit 8, Tooele Army Depot, Tooele, 
Utah (Dames & Moore, 2000), solidification/stabilization (S/S) is the preferred treatment 
alternative for lead at SWMUs 6 and 8.  This study includes SWMU 57, a Group C 
SWMU, because lead-contaminated soil at the Skeet Range is a candidate for treatment 
using S/S. 
 
 Before conducting the treatability study, the TSWP and site-specific performance 
criteria were subject to review, comment, and concurrence by the EPA, the Utah 
Department of Environmental Quality (UDEQ), and USACE.  The TSWP was approved 
by regulatory agencies prior to commencing field and testing activities.  Information 
gathered during the treatability study and presented here will be used in developing 
Remedial Action Work Plans (RAWPs) for the full-scale S/S remediation at SWMUs 6 
and 8 only.  The SWMU 57 corrective measures plan will be handled separately. 
 
 The objective of the treatability study was to determine the optimal mixture of 
additives to achieve solidification treatment standards for lead at SWMUs 6, 8, and 57 
using a phased approach. Each phase of the treatability study characterized a 
reagent/dosage mixture until the mixture that best met performance criteria was 
identified. Performance criteria were measured via physical and chemical tests in the 
laboratory. 
 
 The ROD (Dames & Moore, 2000) states that treating the soil at SWMUs 6 and 8 
by S/S will immobilize contaminants and protect groundwater at the final disposal site.  
Land disposal restriction (LDR) treatment standards do not apply if treated soil is placed 
in a corrective action management unit (CAMU).  (LDRs do apply if the treated soil is 
disposed of at the SWMU.)  This treatability study report identifies a mixture that is 
stable and protective of groundwater quality at the CAMU disposal location. 
 
 The three main drivers for performing S/S on the lead-contaminated soil are to 
mitigate the: 
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 •  bioavailability of lead-contaminated soil to human receptors, 
 •  bioavailability of lead-contaminated soil to ecological receptors, and 
 •  potential future lead contamination of groundwater. 
 
S/S will physically and chemically eliminate the exposure to lead-contaminated soil at the 
CAMU.  The site-specific performance criteria identified in the TSWP establish 
encapsulation via physical and chemical criteria that are measured in the laboratory.  The 
physical process of S/S eliminates the exposure pathway of lead-contaminated soil to 
human and ecological receptors.  In addition, chemical and physical criteria are necessary 
to prevent lead contamination in the groundwater. 
 
1.2 BACKGROUND INFORMATION 
 
 The Remedial Investigation (RI) Report (Rust E&I, 1997), FS Report (Dames & 
Moore, 1999), and the RODs (Dames & Moore, 2000) present detailed information on 
TEAD and SWMUs 6 and 8.  Information about SWMU 57 is detailed in the RCRA 
Facility Investigation (RFI) Report for Group C Suspected Releases SWMUs (SAIC, 
1997); the Corrective Measures Study (CMS) Work Plan, Group C SWMUs 2000; and the 
CMS Report Group C SWMUs (Dames & Moore, 2001). Sections 1.2.1 through 1.2.8 of 
the TSWP summarize background information concerning TEAD, including its location, 
physical characteristics, topography, groundwater, surface water, and the base history. 
 
1.2.1 TEAD Location 
 
 TEAD is located in Tooele Valley, Tooele County, Utah, immediately west of the 
City of Tooele and approximately 35 miles southwest of Salt Lake City (Figure 1-1).  The 
installation covers 23,610 acres; 1,700 acres (from an original 25,173) were transferred to 
the Tooele City Redevelopment Agency in December 1998 under the Base Realignment 
and Closure (BRAC) Program.  SWMU 57 is part of the property that was transferred.  
The surrounding area is largely undeveloped, with the exception of Tooele, Grantsville 
and Stockton.  As a result of past operations at TEAD and environmental investigations 
since the late 1970s, 57 known or suspected SWMUs have been identified. 
 
1.2.2 History, Present Mission and Future Use 
 
 TEAD was originally established in 1942 as the Tooele Ordnance Depot by the 
U.S. Army Ordnance Department.  It was redesignated as TEAD-North Area (TEAD-N) 
in August 1962.  TEAD-South Area (TEAD-S) came under the command of TEAD-N 
later in 1962.  Both the North and South Areas of TEAD have been major ammunition 
storage and equipment maintenance installations that support other U.S. Army facilities 
throughout the western United States.  In 1996, TEAD-N and TEAD-S were designated 
as TEAD and Tooele Chemical Activity (TECA), respectively.  In October 1996, TECA 
was redesignated as Deseret Chemical Depot (DCD). 
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 The current missions of TEAD are: 
 
 •  To receive, store, issue, maintain, and dispose of munitions 
 •  To provide installation support to attached organizations 
 •  To operate other facilities as assigned. 
 
The mission of maintaining and repairing equipment was discontinued in 1995. 
 
 Developed features at TEAD include igloos, magazines, administrative buildings, 
an industrial maintenance area, military and civilian housing, roads, and vehicle storage 
hardstands and other allied infrastructure.  In 1993, TEAD was placed on the list of 
facilities scheduled for realignment under the BRAC Program; the vehicle and equipment 
maintenance and storage functions were transferred to the Red River Army Depot, Texas.  
TEAD continues to store conventional ammunition. 
 
 Of the SWMUs discussed in this report, SWMU 57 is located within the 
Administration Area, which was transferred under BRAC in December 1998 (Figure 
1-2).  The TEAD Conversion and Reuse Plan (Tooele County Economic Development 
Corporation, 1995) identifies the primary land use planned for the SWMU 57 area as 
residential.  SWMUs 6 and 8 are located in the non-BRAC parcel, which will continue to 
be used for military purposes.  The CAMU is located in the Sanitary Landfill and 
Pesticide Disposal Area (SWMU 12/15) which remains under military control (Figure 
1-3). 
 
1.3 STATEMENT OF PROBLEM 
 
 As stated in the FS and RODs for Operable Units 4 and 8, S/S is the preferred 
treatment alternative for lead at SWMUs 6 and 8. Because lead-contaminated soil at 
SWMU 57, a Group C SWMU, could also be treated using S/S, this site is included in the 
treatability study.  The FS and Group C CMS present the soil cleanup goals that are 
required to protect human health and the environment.  Based on those values and 
chemical data, the areas of contamination that require remediation are determined. 
 
 Soil cleanup goals are calculated based on exposure and toxicity data.  They 
represent the maximum concentrations allowable for a given exposure scenario to prevent 
an unacceptable health risk.  They are based on assumed exposure to surface soil by 
Depot workers (SWMUs 6 and 8) or residents (SWMU 57).  The lead cleanup goal is 
calculated using a model that estimates blood lead levels in the exposed population.  The 
goals for metals other than lead are based on assumed exposure via incidental ingestion 
and dermal absorption.  This is the approach used in the calculation of cleanup goals in 
the FS and Group C CMS as approved by regulatory reviewers.  The soil cleanup goals 
presented in the ROD are final remediation goals (FRGs).  The soil cleanup goals 
calculated in the Group C CMS are corrective action objectives (CAOs). The Depot 
worker FRG for lead at SWMUs 6 and 8 is 1,800 micrograms per gram (µg/g).  The 
residential CAO for lead at SWMU 57 is 400 µg/g.  These concentrations were used to 
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outline the specific areas of each SWMU that require treatment to protect human health 
and the environment. 
 
 Sections 1.3.1, 1.3.2, and 1.3.3 briefly describe each SWMU, its history, and the 
extent of soil contamination. 
 
1.3.1 SWMU 6 
 
 The Old Burn Area is located in the south-central portion of TEAD.  It is a gently 
sloping, grassy area; bermed revetments are located in the eastern portion of the SWMU.  
Four natural surface drainages run off the north side of SWMU 6, where they are 
intercepted by a constructed drainage ditch. 
 
 This SWMU was the site of munitions testing, and the burning of boxes and 
wooden crates on the ground surface and in shallow trenches.  These activities were 
discontinued in the 1970s.  The disturbed area and former trenches have been filled, 
graded, and revegetated.  The trenches still contain metal debris, spent or destroyed 
munitions, and potential unexploded ordnance (UXO). 
 
 The contaminants of concern (COCs) for the Old Burn Area are lead and 2,4-
dinitrotoluene (2,4-DNT) in surface soil.  Lead is the only COC in subsurface soil 
(Dames & Moore, 2000).  The maximum concentrations of lead and 2,4-DNT detected in 
surface soil prior to the treatability study were 12,000 µg/g and 34 µg/g, respectively 
(Rust E&I, 1997a).  The maximum concentration of lead detected in subsurface soil was 
17,000 µg/g.  The future land use for SWMU 6 is continued military use.  Because the 
reasonably anticipated future land use is military, Depot worker FRGs are used for 
surface soil.  Construction worker FRGs are used for subsurface soil.  The FRG for lead 
for both receptors is 1,800 µg/g.  Figure 1-4 shows the approximate area of 
contamination.  Based on the additional treatability study data (i.e., field measurements) 
and using the surveyed SWMU boundary coordinates provided by the USACE, the 
TEAD base map has been refined since the ROD was published.  The estimated area of 
potential lead soil contamination is approximately 5,516 square feet (ft2).  The depth of 
contamination varies from 0 to 7.5-feet bgs.  The estimated total volume of lead-
contaminated soil initially requiring treatment is approximately 300 cubic yards (yd3). 
 
 The 2,4-DNT-contaminated soil is located in a drainage ditch in the northern part 
of SWMU 6, in a separate location from the lead contaminated soil.  The estimated area 
of potential 2,4-DNT soil contamination is 3,000 ft2 at a depth of 1 foot – for an 
estimated total volume of 120 yd3 of soil.  The FRG for 2,4-DNT is 4.7 µg/g.  The S/S 
alternative does not include the treatment of 2,4-DNT contamination.  As stated in the 
ROD (Dames & Moore, 2000), this material will be disposed of separately off-post. 
 
1.3.2 SWMU 8 
 
 The Small Arms Firing Range is located near the western boundary of TEAD.  It 
was used until 1994 by the National Guard, Army Reserve, Navy, and TEAD military 
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personnel for training in the use of small firearms.  The range contains 20 firing stations, 
with targets located at 25, 50, 100, and 200 meters.  Bermed areas behind the targets were 
used to stop rounds (Rust E&I, 1997a).  Forty millimeter (40-mm) projectiles have been 
seen at SWMU 8 by Corps and Depot personnel during several site visits.  The projectiles 
have been seen both intact and fragmented, and are considered dangerous in all cases 
because the fuzing cannot be seen (Personal communication from Bryton Johnson, 
USACE).  The reasonably anticipated future land use for SWMU 8 is continued military 
use; thus, the Depot work FRG is used for surface soil. 
 
 Lead is the only COC at the Small Arms Firing Range.  In investigations prior to 
the treatability study, elevated concentrations of lead were detected in numerous surface 
and shallow subsurface samples from the bullet stop areas, with a maximum of 12,000 
µg/g at the surface and 33,000 µg/g at a depth of 0.5 foot below ground surface (bgs).  
The maximum concentration at 3 feet bgs was 1,500 µg/g.  Samples taken beyond the 
second bullet stop showed lead levels below the Depot worker FRG of 1,800 µg/g. 
 
 Figure 1-5 shows the approximate area of contamination.  The area of 
contamination was estimated in the Final FS Report (Dames & Moore, 1999) and is 
based on sample data and visual observation.  Based on the additional treatability study 
data (i.e., new field measurements) and using the surveyed SWMU boundary coordinates 
provided by the USACE, the TEAD base map has been refined since the ROD was 
published.  The estimated area of potential lead soil contamination is approximately 
38,500 ft2 at varying depths due to the slopes of the berms.  The front berm is estimated 
to be approximately 8 feet high, it is anticipated excavation will occur to 2 feet bgs.  
There is also a small area of contamination in front of this berm that is estimated to 
require excavation to a depth of 1 foot.  At the back berm, where lead contamination 
levels are elevated, the area is to be excavated to a depth of 2 feet.  The estimated total 
volume of lead-contaminated soil requiring treatment is approximately 2,800 yd3. 
 
1.3.3 SWMU 57 
 
 The Skeet Range is located in the northern portion of the Administration Area of 
TEAD.  It is located within the BRAC parcel and is to be used for residential purposes.  
This area was used for skeet and trap shooting from 1978 until the late 1990s; however, 
at the time of the RFI, skeet shooting consisted of occasional competitions and infrequent 
target practice. TEAD records indicate that lead shot was prohibited; however, because 
there is no documentation to indicate that this regulation was enforced at the Skeet 
Range, it is assumed that lead shot may have been used. Lead contamination does exist in 
the impact area (SAIC, 1997). The range no longer operates. 
 
 Several COCs were detected in soil at the Skeet Range.  Because the reasonably 
anticipated future land use at SWMU 57 is residential, residential CAOs are used for 
surface soil. Based on comparing the maximum concentration of each contaminant of 
potential concern identified at SWMU 57 in the RFI (SAIC, 1997) to the residential 
CAO, the metals antimony, arsenic, and lead; and the semivolatile organic compounds 
(SVOCs) benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluor-
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anthene, chrysene, dibenz(a,h)-anthracene, and indeno(1, 2, 3-cd)pyrene were identified 
as COCs in surface soil at the Skeet Range.  The metals and organic contamination were 
detected in separate areas of the SWMU, allowing the two types of contaminants to be 
treated by separate technologies.  The lead contamination is located in the north area of 
the Skeet Range.  
 
 The treatability study only tested the lead-contaminated soil.  In samples collected 
prior to the treatability study the maximum detected lead concentration in surface soil at 
SWMU 57 was 250,000 µg/g.  The residential CAO is 400 µg/g.  The distribution of 
COCs at SWMU 57 is presented in Figure 1-6.  The estimated area of metals-
contaminated soil is 52,000 ft2.  Based on soil sampling data presented in detail in the 
RFI (SAIC, 1997), the metals-contaminated soil is assumed to extend to a depth of 1 foot 
bgs.  The volume of metals-contaminated soil at SWMU 57 is estimated to be 1,930 yd3. 
 
1.4 TECHNOLOGY DESCRIPTION 
 
 As a treatment technology, S/S is applicable for a variety of contaminants, 
primarily metals. This process has been used in the United States to treat waste since the 
1950s (Portland Cement Association (PCA), 1998).  The U.S. Environmental Protection 
Agency (EPA) has identified S/S as the best demonstrated available technology (BDAT) 
for 57 listed hazardous wastes (USEPA, 1993).  S/S can be used to eliminate the 
hazardous characteristic of the waste, which allows less expensive disposal of the treated 
waste. S/S is an established technology for treating lead-contaminated soil; it has been 
successfully demonstrated at several installations, including Umatilla Chemical Depot, 
Hermiston, Oregon.  Therefore, this treatability study focuses on evaluating reagents and 
processing techniques for the site-specific soil and contaminant levels at each of the 
TEAD SWMUs. 
 
 Solidification refers to changes in the physical properties of a waste; it often 
entails binding the waste in a monolithic solid of high structural integrity.  This process 
restricts contaminant migration by decreasing the surface area exposed to leaching, (i.e., 
decreasing permeability).  Stabilization refers to changes in the chemical properties of the 
hazardous constituents in a waste.  This process converts the contaminants into a less 
soluble, less mobile, or less toxic form.  S/S includes mixing the waste with inorganic 
reagents, which reduces mobility by both physical and chemical reactions (USACE, 
1995). 
 
1.5 PERFORMANCE CRITERIA 
 
 The treated material developed by this study was evaluated against performance 
criteria.  These requirements include federal standards and USACE-specific tests.  These 
performance criteria are presented in the Engineering and Design Treatability Studies for 
Solidification/Stabilization of Contaminated Material (USACE, 1995). Performance 
criteria for this study are both chemical and physical.  The chemical tests are required to 
assure that the material is not a threat to the environment, and the physical tests confirm 
the durability of the optimized mixture.  The physical tests also assure that the exposure 
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pathway of lead-contaminated soil to human and ecological receptors is eliminated.  
Because the disposal area for SWMUs 6 and 8 is a CAMU, the LDRs do not apply 
(Disposal criteria for treated soil at SWMU 57 are addressed in the Group C CMS 
Report.).  Instead, the chemical criteria are established on the basis of the protection of 
groundwater at the disposal area.  In this case, a Synthetic Precipitation Leaching 
Procedure (SPLP) performance criterion is established based on a vadose zone transport 
model presented in Appendix A of the TSWP.  The physical criteria are based on USACE 
guidance for treatability studies. Because the treated soil is to be placed in a CAMU, 
there is no absolute requirement for strength.  The treated material will not be used as a 
foundation for a building or any other structure which requires high strength values.  The 
criteria are based on best-engineering practices from other S/S studies. 
 
 Performance criteria used in this study are discussed in detail in the TSWP.  Table 
1-1 provides a summary of these criteria. 
 

TABLE 1-1 
 

Performance Criteria Used for the Solidification Treatability Study 
 

Performance Criteria 

Chemical (a) 

SPLP lead # 75 mg/L (b) 

pH ∃  8 

Physical (c) 

Paint Filter Test No free liquid 

Unconfined Compressive Strength (UCS) ∃  16 psi (d) 

Bulk Density # 25% increase in volume 

Hydraulic Conductivity (e) # 10-4 to 10-6 cm/s 

 
(a) Chemical analytical samples were sent to Severn Trent Laboratory. 
(b) SPLP value is based on SESOIL modeling:  See Appendix A of the 

TSWP. 
(c) Physical testing was performed at the URS-Radian soils laboratory in 

Austin, Texas. 
(d) USC of greater than 50 pound per square inch (psi) is recommended by 

USACE, but is not required here because material reuse is not planned. 
(e) Hydraulic conductivity testing occurs in Phase II. 

 
 
1.6 REPORT ORGANIZATION 
 
 The remainder of the Report is organized as follows: 
 
 •  Treatability study results (Section 2.0). 
 
 •  References (Section 3.0). 



 
STS REPORT 

1-20 

 •  Field notes (Appendix A). 
 
 •  Photographic Log (Appendix B). 
 
 •  Hazardous Waste Manifest (Appendix C). 
 
 •  Phase I and II Laboratory Results (Appendix D). 
 
 •  Reagent Information (Appendix E). 
 
 •  Data Quality Report (Appendix F). 
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2.0 TREATABILITY STUDY RESULTS 
 
 
 Treatability study samples were collected in the field June 18 through June 25, 
2001. Sample collection and treatability study analyses were conducted according to the 
TSWP.  The treatability study was designed in order to determine the optimal mixture of 
additives to achieve treatment objectives for lead, and to determine if S/S is capable of 
eliminating the hazardous condition of lead in soil and achieving a stable end product. 
 
 In order to meet these objectives, the study required several steps: 
 
 1) Collecting screening samples to guide the selection of bulk samples for 

treatability testing, 
 
 2) Collecting bulk samples, 
 
 3) Phase I testing – creating mixtures of bulk samples and four stabilizing 

reagents (at 10 percent by weight) and conducting physical and chemical 
testing of these mixtures, 

 
 4) Evaluating Phase I testing against performance criteria to guide Phase II 

testing 
 
 5) Phase II testing – creating mixtures of bulk samples and four stabilizing 

reagents (at percentages based on Phase I results) and conducting physical 
and chemical testing of these mixtures, 

 
 6) Evaluating Phase II results against performance criteria to guide optimization 

testing, and 
 
 7) Optimization testing – determining the hydraulic conductivity of the optimal 

reagent mixture for each SWMU soil. 
 
The following sections provide a description of each of these steps and summarize the 
results from each.  A detailed description of the treatability study design is provided in 
the TSWP. 
 
2.1 SCREENING SAMPLING AND RESULTS 
 
 Five preliminary soil samples were collected from each of the three SWMUs in 
areas known to contain high levels of lead contamination. Sample locations for each 
SWMU are shown in Figures 2-1, 2-2, and 2-3. These preliminary samples were 
submitted to the laboratory for 24-hour turnaround analysis of total lead.  The analyses 
performed for all phases of the study are summarized in Table 2-1. 
 



TABLE 2-1 
 

Summary of Chemical Analysis for Treatability Study 
SWMUs 6, 8, and 57 

 

   Soil Water 

Area Task Description 
Lead 

(SW6010b) 

SPLP 
Metals 

(SW1312) 
Lead 

(SW6010b) 
SPLP Metals 

(SW1312) 

Preliminary soil samples Composite samples (a) 5 0 1  

Bulk soil sample Pretreatment sample (b) 1 1   

The Old Burn Area 
(SWMU 6) 

 Post treatment samples (c)  12  2 

Preliminary soil samples Composite samples (a) 5 0 1  

Bulk soil sample Pretreatment sample (b) 1 1   

The Small Arms 
Firing Range 
(SWMU 8) 

 Post treatment samples (c)  12  2 

Preliminary soil samples Composite samples (a) 5 0 1  

Bulk soil sample Pretreatment sample (b) 1 1   

Skeet Range 
(SWMU 57) 

 Post treatment samples (c)  12  2 

Waste Disposal Decontamination of 
sampling equipment 

DI water (lead only), decontamination 
fluids and solids for SPLP Metals (d) 

 1 1 1 

Total Site Samples 18 40 4 7 

Quality Control Samples (Duplicate/MS + MSD) 2/1 2/(e) 0/0 6/(e) 
 
(a) Each composite sample was composed of a mixture of five subsamples.  The preliminary samples required a 24-hour turnaround time.  One rinsate 

sample was collected at each SWMU.  A duplicate sample was collected at composite sample SS080105R. 
(b) These samples required a 14-day turnaround time.   Each sample was analyzed for pH. 
(c) Soil samples were obtained by crushing treated soils of each mixture.  The crushed sample was run through a 3/8-inch sieve.  A SPLP extraction was 

performed on the sieved sample.  Other water SPLP samples were effluent from hydraulic conductivity tests on 6 percent fly ash and Portland cement 
mixtures. 

(d) This included one sample of distilled water and one sample each from the decontamination liquids and solids. 
(e) The laboratory used liquid generated in leaching procedure for MS/MSD. 
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 Results of the screening sample analysis indicated the following locations had the 
highest lead concentration: 
 

SWMU Sample Lead (�g/g) 
6 SS060102 25,600 

8 SS080105R* 40,200 

57 SS570101 67,600 
 
*  Duplicate of SS080105. 

 
 
Detailed results for all samples are presented on Figures 2-1, 2-2, and 2-3, and in Table 
2-2. 
 
 According to the TSWP, the sample location with the highest concentration of 
lead greater than 1,800 µg/g at each SWMU was to be selected for treatability study 
testing. However, during screening sampling at SWMU 8 bullet casings were observed at 
SS080102.  Therefore, it was decided that the bulk sample for treatability testing at 
SWMU 8 would be a composite from location SS080102 and SS080105 to include 
casings in the laboratory testing.  Bulk sample locations at SWMU 6 and 57 were 
selected based on the highest lead concentration. 
 
2.2 BULK SAMPLING FOR TREATABILITY STUDY TESTING 
 
 Two 5-gallon buckets of soil from the selected location were collected from each 
SWMU.  Field observations during screening sampling and results from the RI led to a 
minor modification of sample collection procedures for bulk sampling.  At SWMUs 6 
and 8, narrower and deeper (approximately 2 ft bgs) samples were collected, based on the 
results of the RI, where lead concentrations occurred at 6 inches bgs or greater.  At 
SWMU 57, a broader and shallower sample was collected due to the presence of lead 
shot observed on the surface during screening sampling.  In each case, the intent was to 
“spike” the sample with high lead levels for laboratory testing, establishing a “worst 
case” for treatment. 
 
2.3 DATA QUALITY AND USABILITY ASSESSMENT 
 
 In addition to the laboratory Level 1 and 2 data reviews, 100 percent of the 
analytical data was reviewed by the USACE project chemist in order to assess data 
quality and usability.  For each analytical method, the following parameters were 
evaluated: 
 
 •  Sample Preservation 
 •  Holding Times 
 •  Instrument Calibration (as presented in the laboratory narrative) 
 •  Interference Check Samples (as applicable) 
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TABLE 2-2 
 

Screening Samples Total Lead Results 
 

Site: SWMU 6 
Date: 6/19/01 

Sample ID Lead (�g/g) 
SS060101 661 
SS060102  25600  
SS060103  5550  
SS060104 489 
SS060105 879 

 
 

Site: SWMU 8 
Date: 6/19/01 

Sample ID Lead (�g/g) 
SS080101  1,130  
SS080102  17,000  
SS080103  4,530  
SS080104  1,860  
SS080105  20,300  

SS080105R*  40,200  
 
 

Site: SWMU 57 
Date: 6/19/01 

Sample ID Lead (�g/g) 
SS070101  67,600  
SS070102  372  
SS070103  121  
SS070104  164  
SS070105  136  

Notes: 
*Duplicate of SS080105 
 Indicates lead >1,800 µg/g (and suitable as bulk location). 
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 •  Serial Dilutions (as applicable) 
 •  Post Spikes (as applicable) 
 •  Method Blanks 
 •  Laboratory Control Spikes 
 •  Matrix Spikes 
 •  Matrix Duplicates 
 
 For metals analysis by Method 6010B, several sample results were estimated due 
to the following minor quality control (QC) deficiencies:  improper sample preservation, 
matrix spike imprecision, low matrix spike recoveries, matrix duplicate imprecision, and 
positive detects in the continuing calibration blanks.   
 
 For mercury analysis by Method SW7470B and pH analysis by Method 
SW9045C, a few sample results were estimated due to the following minor QC 
deficiencies:  improper temperature preservation and holding time expiration. 
 
 The QC deficiencies are considered minor and do not impact data usability.  The 
data are considered usable for the intended purpose of evaluating the stabilization of lead 
during and after treatment.  The data quality report is presented in Appendix F. 
 
2.4 PHASE I TESTING AND RESULTS 
 
 Upon receipt at the soils laboratory, each of the three bulk samples was analyzed 
for bulk density, moisture content, and percent gravel (results are presented on Table 2-3, 
and in Appendix D).  The soil was then passed through a 1-inch sieve, and mechanically 
mixed to ensure homogenization.  No attempt was made to remove lead shot.  
Subsamples of the untreated soil were analyzed for pH, total lead, and SPLP metals to 
provide a baseline for post-treatment comparison.  Total lead results from the bulk 
samples are presented on Table 2-3 indicating all samples had lead concentrations greater 
than 1,800 µg/g.  SPLP metals and pH results are presented in Table 2-4.  The SPLP 
results indicate that prior to mixing soil with reagents, lead was not detected above the 75 
miligram per liter (mg/L) criterion for any SWMU. 
 
 For Phase I, subsamples of the homogenized soils from each SWMU were mixed 
with 10 percent by weight of each reagent plus water for each of four reagents:  Portland 
cement, lime kiln dust, cement kiln dust, and fly ash.  The paint filter test was run on an 
aliquot of each mixture immediately after preparation to check for free liquids; none were 
present. 
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TABLE 2-3 
 

Bulk Sample Pretreatment Results 
 

Site: SWMU 6 SWMU 8 SWMU 57 

Date: 6/21/01 6/21/01 6/21/01 

Sample ID BS060102 BS080105* BS570101 

Lead (µg/g) 4,820 34,600 54,800 

% gravel 19 4 3 

% moisture 1.1 0.10 0.90 
 
*  Composite sample from location SS080102 and SS080105. 

 
TABLE 2-4 

 
Bulk Sample SPLP and pH Results (metals concentrations in mg/L) 

 

Site: SWMU 6 SWMU 8 SWMU 57 

Sample ID: BS060102 BS080105* BS570101 

Arsenic �0.100 �0.100 0.305 

Barium �1.00 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 

Lead 0.279 2.81 3.27 

Mercury �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 

pH 8.30 8.43 7.10 
 
*  Composite sample from location SS080102 and SS080105. 

 
 For each of the four mixtures two 3-inch by 6-inch cylinders and one 9-inch by 9-
inch pan, were prepared and allowed to cure.  After 7 days, the cylindrical specimens 
were tested for Unconfined Compressive Strength (UCS), SPLP metals, pH, bulk density 
and volume change.  The pan specimens were tested after 2, 4, 7, 10 and 14 days with a 
bench penetrometer to determine the curing rates for each mixture.  After 4 days all of the 
mixtures have cured above 1,400 psi.  It appears that Portland cement mixtures have the 
highest curing rate and at each of the three SWMUs, and the SWMU 6 mixtures cure 
faster than SWMU 8 and 57 mixtures.  Penetrometer results are presented in Appendix D. 
 
 Results of the Phase I SPLP testing were evaluated against the performance 
criteria in Table 1-1.  Fly ash, CKD and LKD mixtures have lower USC results than 
Portland cement (as expected) and all are above the 16 psi criteria.  The pH criteria of 
greater than or equal to 8 was accomplished by all mixtures.  The bulk density values are 
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all well below the performance criteria of less than a 25 percent increase because the 
mixtures shrink after curing.  SPLP analysis indicated that lead was detected above the 75 
mg/L criterion only in lime kiln dust mixtures at SWMU 8 and 57.  Other metals were 
detected at very low levels (or not at all) in the SPLP leachate.  UCS and other physical 
tests indicated that all reagents were suitable for Phase II testing.  Complete SPLP metals 
results are presented in Table 2-5.  Physical and chemical test results from the Phase I 
testing are summarized in Table 2-6. 
 
2.5 PHASE II TESTING AND RESULTS 
 
 Based on the results of the bulk sample and Phase I testing, mixtures of the 
samples and reagents were prepared with reagent dosages lowered by 2 and 4 percent 
(i.e., 8 and 6 percent by weight).  The Phase II subsamples were prepared for each of the 
four reagents.  The paint filter test was run on an aliquot of each mixture immediately 
after preparation to check for free liquids; none were present.  Subsamples were prepared 
in cylinders and pans as in Phase I.  After 7 days, the cylindrical specimens were tested 
for SPLP metals, pH, UCS, bulk density, and volume change.  The pan specimens were 
tested after 2, 4, 7, 10 and 14 days with a bench penetrometer to determine the curing 
rates for each mixture.  After 4 days, all of the 6 percent mixtures cured above 2,400 psi 
and all of the 8 percent mixtures cured above 3,500 psi.  It appears that the 6 percent 
mixtures at SWMU 8 have the lowest curing rates of all the mixes run in Phase II.  
Penetrometer results are presented in Appendix D.   
 
 SPLP lead was detected above the 75 mg/L criterion in the mixture of 8 percent 
lime kiln dust with soil from SWMU 8.  Lead was detected in other mixtures below the 
75 mg/L criterion.  Arsenic was also detected in the SPLP results in four mixtures: 6 and 
8 percent cement kiln dust and fly ash with soil from SWMU 57.  SPLP results are 
presented in Table 2-7.  A summary of physical and chemical tests is presented in Table 
2-8.  Fly ash, CKD and LKD mixtures have lower USC results than Portland cement (as 
expected) and all are above the 16 psi criteria.  The pH criterion of greater than or equal 
to 8 was accomplished by all mixtures.  The bulk density values are all well below the 
performance criteria of less than a 25 percent increase because the mixtures shrink after 
curing.   
 
 Table 2-9 presents the hydraulic conductivity results which were performed on 6 
percent Portland cement mixtures and the 6 percent fly ash mixtures for each SWMU.  
The hydraulic conductivity range of 10-4 to 10-6 centimeter per second (cm/s) is believed 
adequate to retard infiltration through the treated material.  The hydraulic conductivity 
results are within the performance criteria range except for in the mixture of 6 percent fly 
ash at SWMU 6.  This result is just below the range and will likely be acceptable (i.e., 
slightly increase) if the gravel from the site is included in the mixture during full-scale 
treatment. 
 
 Leachate samples from the hydraulic conductivity test were collected for metals 
analysis.  The hydraulic conductivity controls infiltration of rainwater through the treated 
material.  Testing for metals on the leachate from the hydraulic conductivity test is 
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TABLE 2-5 
 

Phase I SPLP and pH Results 
(metals concentrations in mg/L) 

 
 

Additive SWMU 6 - 10% PC SWMU 6 - 10% FA SWMU 6 - 10% CKD SWMU 6 - 10% LKD 
Arsenic �0.100 �0.100 �0.100 �0.100 
Barium �1.00 0.465 0.640 1.07 
Cadmium �0.0500 �0.0020 �0.0020 �0.0020 
Chromium �0.0500 0.0265 0.0128 �0.0500 
Lead 0.0678 0.0208 �0.0500 0.680 
Mercury �0.0020 �0.0020 �0.0020 �0.0020 
Selenium �0.100 �0.100 �0.100 �0.100 
Silver �0.0500 �0.0500 �0.0500 �0.0500 
pH 12.40 11.45 12.29 12.54 

 

Additive SWMU 8 - 10% PC SWMU 8 - 10% FA SWMU 8 - 10% CKD SWMU 8 - 10% LKD 
Arsenic �0.100 �0.100 �0.100 �0.100 
Barium 0.488 0.566 �1.00 1.13 
Cadmium �0.0500 �0.0500 �0.0500 �0.0500 
Chromium �0.0500 �0.0500 �0.0500 �0.0500 
Lead 20.0 0.0396 6.45 112 
Mercury �0.0020 �0.0020 �0.0020 �0.0020 
Selenium �0.100 �0.100 �0.100 �0.100 
Silver �0.0500 �0.0500 �0.0500 �0.0500 
pH 12.39 11.51 12.48 12.56 

 

Additive SWMU 57 - 10% PC SWMU 57 - 10% FA SWMU 57 - 10% CKD SWMU 57 - 10% LKD 
Arsenic 0.0401 �0.100 0.0544 �0.100 
Barium 0.395 �1.00 0.557 0.622 
Cadmium �0.0500 �0.0500 �0.0500 �0.0500 
Chromium �0.0500 �0.0500 �0.0500 �0.0500 
Lead 5.59 0.0637 3.10 107 
Mercury �0.0020 �0.0020 �0.0020 �0.0020 
Selenium �0.100 �0.100 �0.100 �0.100 
Silver �0.0500 �0.0500 �0.0500 �0.0500 
pH 12.46 11.28 12.36 12.58 
 
Additive Codes: 
PC Portland Cement 
FA Fly Ash 
CKD Cement Kiln Dust 
LKD Lime Kiln Dust 
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TABLE 2-6 
 

Phase I Physical and Chemical Test Results 
 
 

10% Additive - SWMU 6 

Additive %H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 

Paint Filter 
Test 

(Pass/Fail) 
Average 

UCS (psi) 

Bulk Density 
(% increase in 

volume) 
Portland Cement 10 Pass 12.4 Pass 463 -0.05 
Fly Ash 10 Pass 11.45 Pass 61 -0.08 
Cement Kiln Dust 10 Pass 12.29 Pass 127 -0.09 
Lime Kiln Dust 10 Pass 12.54 Pass 200 -0.07 
       
10% Additive - SWMU 8 

Additive %H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 

Paint Filter 
Test 

(Pass/Fail) 
Average 

UCS (psi) 

Bulk Density 
(% increase in 

volume) 
Portland Cement 10 Pass 12.39 Pass 397 -0.18 
Fly Ash 10 Pass 11.51 Pass 164 -0.15 
Cement Kiln Dust 10 Pass 12.48 Pass 183 -0.14 
Lime Kiln Dust 10 Fail 12.56 Pass 158 -0.11 
       
10% Additive - SWMU 57 

Additive %H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 

Paint Filter 
Test 

(Pass/Fail) 
Average 

UCS (psi) 

Bulk Density 
(% increase in 

volume) 
Portland Cement 10 Pass 12.46 Pass 135 -0.27 
Fly Ash 10 Pass 11.28 Pass 145 -0.33 
Cement Kiln Dust 10 Pass 12.36 Pass 87 -0.33 
Lime Kiln Dust 10 Fail 12.58 Pass 451 -0.30 

 



TABLE 2-7 
 

Phase II SPLP and pH Results (metals concentrations in mg/L) 
 
 
SWMU 6 

 6% PC 6% FA 6% CKD 6% LKD 8% PC 8% FA 8% CKD 8% LKD 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead �0.0500 �0.0500 �0.0500 2.32 0.0541 �0.0500 �0.0500 0.755 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 12.07 10.94 11.33 11.94 11.93 11.2 11.72 11.90 

 

SWMU 8 

 6% PC 6% FA 6% CKD 6% LKD 8% PC 8% FA 8% CKD 8% LKD 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 6.17 �0.0500 0.25 41.5 17.9 �0.0500 1.86 84.2 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 12.07 10.83 11.56 12.15 11.99 11.16 12.09 12.30 

 



TABLE 2-7  (cont’d) 
 
 

SWMU 57 

 6% PC 6% FA 6% CKD 6% LKD 8% PC 8% FA 8% CKD 8% LKD 

Arsenic �0.100 0.173 0.139 �0.100 �0.100 0.153 0.105 �0.100 

Barium �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 5.99 �0.0500 �0.0500 27.3 9.93 �0.0500 1.24 45.8 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 11.92 10.02 11.09 11.99 12.06 10.91 12.01 12.47 

 

Additive Codes: 
PC Portland Cement 

FA Fly ash 

CKD Cement kiln dust 

LKD Lime kiln dust 
 



TABLE 2-8 
 

Phase II Physical and Chemical Test Results 
 
 

6% Additive - SWMU 6 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 12.07 Pass 472 1.00E-05 -0.09 11 

Fly Ash 8 Pass 10.94 Pass 70 7.39E-07 -0.13 NT 

Cement Kiln Dust 8 Pass 11.33 Pass 178 NT -0.13 NT 

Lime Kiln Dust 8 Pass 11.94 Pass 168 NT -0.09 NT 

 

 

8% Additive - SWMU 6 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 11.93 Pass 409 NT -0.07 NT 

Fly Ash 8 Pass 11.2 Pass 67 2.09E-08 -0.09 NT 

Cement Kiln Dust 8 Pass 11.72 Pass 140 NT -0.13 NT 

Lime Kiln Dust 8 Pass 11.9 Pass 120 NT -0.05 NT 

 

 

6% Additive - SWMU 8 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 12.07 Pass 552 2.20E-06 -0.14 11.5 

Fly Ash 7 Pass 10.83 Pass 164 2.70E-06 -0.15 NT 

Cement Kiln Dust 7 Pass 11.56 Pass 130 NT -0.14 NT 

Lime Kiln Dust 8 Pass 12.15 Pass 141 NT -0.15 NT 

 



TABLE 2-8  (cont’d) 
 
 

8% Additive - SWMU 8 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 11.99 Pass 533 NT -0.12 NT 

Fly Ash 8 Pass 11.16 Pass 199 4.28E-07 -0.16 NT 

Cement Kiln Dust 8 Pass 12.09 Pass 150 NT -0.12 NT 

Lime Kiln Dust 8 Fail 12.3 Pass 109 NT -0.12 NT 

 

 

6% Additive - SWMU 57 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 11.92 Pass 369 1.30E-06 -0.29 12.7 

Fly Ash 7 Pass 10.02 Pass 113 2.69E-06 -0.30 NT 

Cement Kiln Dust 7 Pass 11.09 Pass 134 NT -0.28 NT 

Lime Kiln Dust 7 Pass 11.99 Pass 58 NT -0.29 NT 

 

 

8% Additive - SWMU 57 

Additive % H2O 

Lead <75 
mg/L 

(Pass/Fail) pH 
Paint Filter Test 

(Pass/Fail) UCS (psi) 

Hydraulic 
Conductivity 

cm/s 

Bulk Density 
(% increase in 

volume) 

Moisture/ 
Std. 

Proctor 

Portland Cement 8 Pass 12.06 Pass 468 NT -0.27 NT 

Fly Ash 8 Pass 10.91 Pass 151 4.23E-07 -0.27 NT 

Cement Kiln Dust 8 Pass 12.01 Pass 127 NT -0.27 NT 

Lime Kiln Dust 8 Pass 12.47 Pass 87 NT -0.27 NT 

 

NT = not tested. 
 



 
STS REPORT 

2-20 

assumed to be representative of conditions observed in the field after full-scale 
remediation.  Table 2-9 presents the analytical lead results for the leachate.  All lead 
concentrations are well below the 75 mg/L criterion. 
 

TABLE 2-9 
 

Hydraulic Conductivity Lead Leachate Results 
(concentrations in mg/L) 

 

Sample ID 6% Portland Cement 6% Fly Ash 

SWMU 6 0.435 0.0056 

SWMU 6 Dup 0.440 0.0047 

SWMU 8  5.05 0.0886 

SWMU 8 Dup 4.86 0.0897 

SWMU 57 0.908 0.0072 

SWMU 57 Dup 0.998 0.0064 

 
 
 SPLP and pH results (Pretreatment, Phase I and Phase II) are presented in Tables 
2-10, 2-11, and 2-12, respectively.  These tables summarize the data by SWMU and are 
used to evaluate the effectiveness of treatment. 
 
2.6 OPTIMIZATION 
 
 Based on the Phase I and Phase II results, only lime kiln dust failed to meet the 
performance criteria.  At all three dosage levels (10, 8 and 6 percent), the fly ash, cement 
kiln dust, and Portland cement mixtures provide a suitable solidification mixture for full 
scale remediation of the lead-contaminated soil at SWMUs 6 and 8.  However, fly ash 
and cement kiln dust may not be suitable for solidification treatment at SWMU 57 due to 
SPLP arsenic values. 
 
2.7 DECONTAMINATION AND WASTE HANDLING 
 
2.7.1 Decontamination 
 
 All field sampling equipment was decontaminated prior to use and between each 
sample.  Equipment was cleaned with distilled water and detergent, and rinsed with 
distilled water. 
 
 A field equipment rinsate blank was collected and analyzed for total lead.  Lead 
was below the detection limit in this water sample (DW062501).  Typically, the absence 
of the target analyte from rinsate indicates that decontamination procedures were 
adequate in preventing cross-contamination during sampling. 
 



TABLE 2-10 
 

SWMU 6 – Pretreatment, Phase I and Phase II, SPLP and pH Results (metals concentrations in mg/L) 
 

 Pretreatment 10% PC 8% PC 6% PC 10% FA 8% FA 6% FA 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 �1.00 �1.00 �1.00 0.465 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0020 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 0.0265 �0.0500 �0.0500 

Lead 0.279 0.0678 0.0541 �0.0500 0.0208 �0.0500 �0.0500 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 8.30 12.40 11.93 12.07 11.45 11.2 10.94 

 
 

 Pretreatment 10% CKD 8% CKD 6% CKD 10% LKD 8% LKD 6% LKD 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 0.640 �1.00 �1.00 1.07 �1.00 �1.00 

Cadmium �0.0500 �0.0020 �0.0500 �0.0500 �0.0020 �0.0500 �0.0500 

Chromium �0.0500 0.0128 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 0.279 �0.0500 �0.0500 �0.0500 0.680 0.755 2.32 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 8.30 12.29 11.72 11.33 12.54 11.90 11.94 



TABLE 2-11 
 

SWMU 8 – Pretreatment, Phase I and Phase II, SPLP and pH Results (metals concentrations in mg/L) 
 

 Pretreatment 10% PC 8% PC 6% PC 10% FA 8% FA 6% FA 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 0.488 �1.00 �1.00 0.566 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 2.81 20.0 17.9 6.17 0.0396 �0.0500 �0.0500 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 8.43 12.39 11.99 12.07 11.51 11.16 10.83 

 
 

 Pretreatment 10% CKD 8% CKD 6% CKD 10% LKD 8% LKD 6% LKD 

Arsenic �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Barium �1.00 �1.00 �1.00 �1.00 1.13 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 2.81 6.45 1.86 0.25 112 84.2 41.5 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 8.43 12.48 12.09 11.56 12.56 12.30 12.15 



TABLE 2-12 
 

SWMU 57 – Pretreatment, Phase I and Phase II, SPLP and pH Results (metals concentrations in mg/L) 
 

 Pretreatment 10% PC 8% PC 6% PC 10% FA 8% FA 6% FA 

Arsenic 0.305 0.0401 �0.100 �0.100 �0.100 0.153 0.173 

Barium �1.00 0.395 �1.00 �1.00 �1.00 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 3.27 5.59 9.93 5.99 0.0637 �0.0500 �0.0500 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 7.10 12.46 12.06 11.92 11.28 10.91 10.02 

 
 

 Pretreatment 10% CKD 8% CKD 6% CKD 10% LKD 8% LKD 6% LKD 

Arsenic 0.305 0.0544 0.105 0.139 �0.100 �0.100 �0.100 

Barium �1.00 0.557 �1.00 �1.00 0.622 �1.00 �1.00 

Cadmium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Chromium �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

Lead 3.27 3.10 1.24 �0.0500 107 45.8 27.3 

Mercury �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 �0.0020 

Selenium �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 �0.100 

Silver �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 �0.0500 

pH 7.10 12.36 12.01 11.09 12.58 12.47 11.99 
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2.7.2 Waste Handling 
 
 All investigation-derived waste (IDW) generated by the treatability study was 
disposed of in accordance with the TSWP and with TEAD’s May 1994 Industrial Risk 
Management Policy Statement. 
 
 The soil sampling generated no waste.  Material moved as part of surface soil 
sampling was used to backfill small depressions caused by sampling.  Decontamination 
water was containerized in a 55-gallon drum and disposed of offsite.  This water was 
analyzed for SPLP metals.  Results of this analysis are presented in Table 2-13.   
 

TABLE 2-13 
 

Waste Water Analytical Results 
 

WW062501 

 
Decon  Waste Water 

Concentration (mg/L) 

Arsenic �0.100 

Barium �1.00 

Cadmium �0.0500 

Chromium �0.0500 

Lead 0.478 

Mercury �0.0020 

Selenium �0.100 

Silver �0.0500 

 
Samples collected 6/25/01 

 
 
 Personal protective equipment (PPE) and unused sampling supplies were disposed 
of in a facility garbage bin.  A copy of the decontamination water analytical results was 
sent for review to Dean Reynolds at TEAD.  The decontamination water was determined 
to be non-hazardous, and was picked up for disposal by Safety Kleen on September 18, 
2001.  A copy of the hazardous waste manifest is provided in Appendix C. 
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3.0 EVALUATION OF REAGENT PERFORMANCE 
 
 
 This section presents an evaluation of the treatability study performance, and 
provides recommendations for the full-scale implementation of S/S for treating lead-
contaminated soils at SWMUs 6 and 8.   SWMU 57, a Group C SWMU, was evaluated 
because the lead-contaminated soil at the Skeet Range was a candidate for treatment 
using S/S. 
 
 The goal of the treatability study was to evaluate the performance of four different 
S/S reagents to treat lead-contaminated soil at SWMUs 6, 8, and 57.  Site-specific 
performance criteria were established and approved by EPA, UDEQ, and USACE.  
Information from this report will be used in developing the RAWPs for the full-scale S/S 
remediation at SWMUs 6 and 8 only.  The SWMU 57 CMWP will be handled separately. 
 
 The treated material was evaluated against physical and chemical performance 
criteria identified in Table 1-1.  Of the four reagents tested – portland cement, Class C fly 
ash, cement kiln dust and lime kiln dust – lead was detected above the SPLP criterion of 
75 mg/L in lime kiln dust mixtures in Phase I (10 percent, SWMU 8 and 57) and in Phase 
II (8 percent, SWMU 8).  For this reason, lime kiln dust is not recommended as a viable 
reagent for full-scale treatment. 
 
 There appears to be differences between SWMU 6 and 8 soils when treated.  
Cement kiln dust mixtures at SWMU 6 perform better than at SWMU 8.  Fly ash 
mixtures perform well at SWMUs 6 and 8.  Portland Cement mixtures perform well at 
SWMUs 6 and 57, but not as well at SWMU 8. 
 
 Based on the Phase I and II results, the fly ash and portland cement meet most of 
the performance criteria presented in this study.  The hydraulic conductivity result for the 
6 percent fly ash mixture at SWMU 6 is just below the target range of 10-4 to 10-6.  
However, SWMU 6 contains the most gravel of the three SWMUs, and the hydraulic 
conductivity will likely be increased if gravel from the site is added to the mixture in the 
full-scale application.  The hydraulic conductivity limits are set to avoid ponding of water 
on the treated material, therefore, the RAWP should recommend grading the treated soil 
in such a way as to avoid ponding of water on the treated soil. 
 
 Table 3-1 presents the vendor information for the reagents used during the 
treatability study. The costs provided are on a per ton basis and do not include shipping 
costs.  Assume that 300 and 2,800 yd3 require treatment at SWMU 6 and 8, respectively.  
Therefore, approximately 4,340 tons of soil would require 260 tons of reagent at a 6 
percent loading rate.  A simple cost evaluation of the reagents identifies that cement kiln 
dust is the most economical reagent under the given assumptions.  Transportation costs 
may contribute significantly to the total cost to use Class C fly ash for S/S at TEAD. 
 



 
STS REPORT 

3-2 

TABLE 3-1 
 

Reagent Location and Cost Information 
 

Reagent Location Estimated Cost 
(per ton)* 

Portland Cement Readily available $75-80 

Class C fly ash ISG Resources, Inc. 

Glenrock, WY 

Dave Johnson Power Plant 

$45-50 

Cement kiln dust Holcim US 

Morgan, UT 

Devil’s Slide Plant 

$0-5 

Lime kiln dust Graymont Lime 

West Wendover, NV 

Pilot Peak 

$5-10 

 
* Shipping costs not included. 
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APPENDIX  A 
 

Field Notes 
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APPENDIX  B 
 

Photographic Log 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
1 

Date: 
6/01 

Direction Photo 
Taken: 
 
Facing North 

Description: 
SWMU 6: 
View of SWMU 6 

 

 

Photo No. 
2 

Date: 
6/01 

Direction Photo 
Taken: 
 
Facing Northwest 

Description: 
SWMU 6: 
Sampling at SWMU 6 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
3 

Date: 
6/21/01 

Direction Photo 
Taken: 
 
Toward ground surface  

Description: 
SWMU 6: 
SS060102 location 
-notice material >2-inches 
in diameter (approximately 
5 gallons) 

 
 

Photo No. 
4 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface. 

Description: 
SWMU 6: 
Ordance fragments found 
outside bermed area , 
approx. 200’ to berm, 
W/SW of the berm 
-“Ogive” Forward portion 
of 155mm high explosive 
bullet 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
5 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface  

Description: 
SWMU 6: 
Ordance fragments found 
outside bermed area , 
approx. 200’ to berm, 
W/SW of the berm 
-75mm cartridge case 

 

 

Photo No. 
6 

Date: 
9/00 

Direction Photo 
Taken: 
 
Facing Northwest 

Description: 
SWMU 8: 
Concrete wall behind first 
berm 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
7 

Date: 
6/01 

Direction Photo 
Taken: 
 
Facing Southwest 

Description: 
SWMU 8: 
General view of SWMU 8 
facing NE 
Picture taken from top of 
surrounding berm 

 
 

Photo No. 
8 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface. 

Description: 
SWMU 8: 
Ordance found on ground 
at SWMU 8 
-5.56mm, one exploded, 
one not exploded 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
9 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface  

Description: 
SWMU 8: 
Ordance found on ground 
at SWMU 8 
-Handgun rounds 

 
 

Photo No. 
10 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface. 

Description: 
SWMU 8: 
Ordance found on ground 
at SWMU 8 
-“M781” newer version of 
40mm rounds 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
11 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface  

Description: 
SWMU 8: 
Ordance found on ground 
at SWMU 8 
-Slap flare 

 
 

Photo No. 
12 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface. 

Description: 
SWMU 8: 
Ordance found on ground 
at SWMU 8 
-“M781” 40mm practice 
round 
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PHOTOGRAPHIC LOG 

Client Name: 

USACE-Sacramento 

Site Location: 

Tooele Army Depot, Tooele, Utah 

Project No. 

00109-051 

Photo No. 
13 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward skeet range.  

Description: 
SWMU 57: 
General shot of SWMU 
57 facing SW toward 
skeet range. 
 

 
 

Photo No. 
14 

Date: 
6/01 

Direction Photo 
Taken: 
 
Toward ground surface. 

Description: 
SWMU 57: 
Ant hill containing visible 
lead shot. Stake from 
another study. 
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APPENDIX  C 
 

Hazardous Waste Manifest 
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APPENDIX  D 
 

Phase I and II Laboratory Results 



TOOELE TREATABILITY STUDY
INITIAL BUCKET CHARACTERIZATION RESULTS

SWMU

 TOTAL 
WEIGHT 

(g) 

 GRAVEL 
WEIGHT 

(g) 
 GRAVEL 

% 
 WASTE HT. 

(ft) 
 BUCKET DIA. 

(ft) 
 VOLUME 

(ft3) 
 VOLUME 

(cm3) 

 BULK 
DENSITY 
(g/cm3) 

6A 31747 0.96 0.92 0.638170565 18070.98 1.76
6B 30243 0.975 0.92 0.64814198 18353.34 1.65
6 avg. 30995 5987.8 19% 1.70

8A 31296 1.02 0.92 0.678056226 19200.42 1.63
8B 30197 1.01 0.92 0.671408616 19012.18 1.59
8 avg. 30747 1317 4% 1.61

57A 23804.5 0.945 0.92 0.62819915 17788.62 1.34
57B 23109.5 0.94 0.92 0.624875345 17694.5 1.31
57 avg. 23457 766.5 3% 1.32



TOOELE TREATABILITY STUDY

PHASE 1 LAB PENETROMETER RESULTS

SWMU Mix Start Date Date Lbs Force
Needle 

Area (in2)
lbs/in2 Date Lbs Force

Needle 
Area (in2)

lbs/in2 Date Lbs Force
Needle 

Area (in2)
lbs/in2 Date Lbs Force

Needle 
Area (in2)

lbs/in2 Date Lbs Force
Needle 

Area (in2)
lbs/in2

6 10% PC 7/16/2001 7/18/2001 >200 0.05 4000 7/20/2001 >200 0.025 8000 7/23/2001 >200 0.025 8000 7/26/2001 >200 0.025 8000 7/30/2001 >200 0.025 8000

10% FA 7/16/2001 7/18/2001 64 0.05 1280 7/20/2001 72 0.05 1440 7/23/2001 72 0.05 1440 7/26/2001 72 0.025 2880 7/30/2001 100 0.025 4000

10% CKD 7/16/2001 7/18/2001 140 0.05 2800 7/20/2001 150 0.025 6000 7/23/2001 >200 0.05 4000 7/26/2001 160 0.025 6400 7/30/2001 >200 0.025 8000

10% LKD 7/16/2001 7/18/2001 >200 0.05 4000 7/20/2001 180 0.025 7200 7/23/2001 >200 0.05 4000 7/26/2001 168 0.025 6720 7/30/2001 >200 0.025 8000

8 10% PC 7/16/2001 7/18/2001 170 0.05 3400 7/20/2001 102 0.025 4080 7/23/2001 >200 0.05 4000 7/26/2001 170 0.025 6800 7/30/2001 160 0.025 6400

10% FA 7/17/2001 7/19/2001 175 0.05 3500 7/22/2001 84 0.025 3360 7/24/2001 154 0.025 6160 7/27/2001 >200 0.025 8000 7/31/2001 >200 0.025 8000

10% CKD 7/17/2001 7/19/2001 90 0.05 1800 7/22/2001 175 0.05 3500 7/24/2001 120 0.025 4800 7/27/2001 160 0.025 6400 7/31/2001 160 0.025 6400

10% LKD 7/16/2001 7/18/2001 71 0.05 1420 7/20/2001 102 0.05 2040 7/23/2001 111 0.05 2220 7/26/2001 120 0.025 4800 7/30/2001 120 0.025 4800

57 10% PC 7/17/2001 7/19/2001 >200 0.05 4000 7/22/2001 >200 0.025 8000 7/24/2001 >200 0.025 8000 7/27/2001 >200 0.025 8000 7/31/2001 >200 0.025 8000

10% FA 7/17/2001 7/19/2001 148 0.05 2960 7/22/2001 60 0.025 2400 7/24/2001 64 0.025 2560 7/27/2001 168 0.025 6720 7/31/2001 160 0.025 6400

10% CKD 7/17/2001 7/19/2001 65 0.05 1300 7/22/2001 140 0.05 2800 7/24/2001 72 0.025 2880 7/27/2001 180 0.025 7200 7/31/2001 154 0.025 6160

10% LKD 7/17/2001 7/19/2001 105 0.05 2100 7/22/2001 180 0.05 3600 7/24/2001 68 0.025 2720 7/27/2001 110 0.025 4400 7/31/2001 118 0.025 4720

Note:  shaded values are actually > than the value shown

DAY 10 DAY 14DAY 2 DAY 4/5 DAY 7



PHASE 1 UNCONFINED COMPRESSIVE STRENGTH RESULTS

SWMU Mix Rep
Start 
Date

Date Lbs Force
Surface 

Area 
(in2)

lbs/in2
Avg. 

lbs/in2

6 10% PC A 7/16/2001 7/23/2001 2880 7.07 407 463
B 7/16/2001 7/23/2001 3670 7.07 519

10% FA A 7/16/2001 7/23/2001 416 7.07 59 61
B 7/16/2001 7/23/2001 453 7.07 64

10% CKD A 7/16/2001 7/23/2001 801 7.07 113 127
B 7/17/2001 7/24/2001 1001 7.07 142

10% LKD A 7/16/2001 7/23/2001 1447 7.07 205 200
B 7/16/2001 7/23/2001 1385 7.07 196

8 10% PC A 7/16/2001 7/23/2001 2535 7.07 359 397
B 7/16/2001 7/23/2001 3080 7.07 436

10% FA A 7/17/2001 7/24/2001 1071 7.07 152 164
B 7/17/2001 7/24/2001 1251 7.07 177

10% CKD A 7/17/2001 7/24/2001 1307 7.07 185 183
B 7/17/2001 7/24/2001 1281 7.07 181

10% LKD A 7/16/2001 7/23/2001 1288 7.07 182 158
B 7/16/2001 7/23/2001 951 7.07 135

57 10% PC A 7/17/2001 7/24/2001 992 7.07 140 135
B 7/17/2001 7/24/2001 915 7.07 129

10% FA A 7/17/2001 7/24/2001 921 7.07 130 145
B 7/17/2001 7/24/2001 1122 7.07 159

10% CKD A 7/17/2001 7/24/2001 541 7.07 77 87
B 7/17/2001 7/24/2001 691 7.07 98

10% LKD A 7/17/2001 7/24/2001 2670 7.07 378 451
B 7/17/2001 7/24/2001 3710 7.07 525

DAY 7



PHASE 1 UNIT WEIGHT RESULTS

SWMU Mix Rep Start Date
Wt        
(g)

Ht        
(in)

Vol      
(in3)

Vol      
(cm3)

Unit Wt.      
(g/cm3)

Avg. Unit 
Weight      
(g/cm3)

6 10% PC A 7/16/2001 1501.1 6.0 42.4 695.0 2.16 2.13
B 7/16/2001 729.4 3.0 21.2 347.5 2.10

10% FA A 7/16/2001 785.5 3.0 21.2 347.5 2.26 2.21
B 7/16/2001 747.0 3.0 21.2 347.5 2.15

10% CKD A 7/16/2001 801.7 3.0 21.2 347.5 2.31 2.23
B 7/17/2001 751.5 3.0 21.2 347.5 2.16

10% LKD A 7/16/2001 747.2 3.0 21.2 347.5 2.15 2.17
B 7/16/2001 764.1 3.0 21.2 347.5 2.20

8 10% PC A 7/16/2001 781.3 3.0 21.2 347.5 2.25 2.32
B 7/16/2001 833.6 3.0 21.2 347.5 2.40

10% FA A 7/17/2001 781.2 3.0 21.2 347.5 2.25 2.25
B 7/17/2001 785.3 3.0 21.2 347.5 2.26

10% CKD A 7/17/2001 776.4 3.0 21.2 347.5 2.23 2.23
B 7/17/2001 776.9 3.0 21.2 347.5 2.24

10% LKD A 7/16/2001 749.5 3.0 21.2 347.5 2.16 2.16
B 7/16/2001 754.1 3.0 21.2 347.5 2.17

57 10% PC A 7/17/2001 756.6 3.0 21.2 347.5 2.18 2.17
B 7/17/2001 748.6 3.0 21.2 347.5 2.15

10% FA A 7/17/2001 757.2 3.0 21.2 347.5 2.18 2.17
B 7/17/2001 752.2 3.0 21.2 347.5 2.16

10% CKD A 7/17/2001 752.6 3.0 21.2 347.5 2.17 2.16
B 7/17/2001 750.0 3.0 21.2 347.5 2.16

10% LKD A 7/17/2001 719.9 3.0 21.2 347.5 2.07 2.08
B 7/17/2001 723.2 3.0 21.2 347.5 2.08



TOOELE TREATABILITY STUDY
PHASE 2 LAB PENETROMETER RESULTS

SWMU Mix
Start 
Date

Date
Lbs 

Force

Needle 
Area 
(in2)

lbs/in2 Date
Lbs 

Force

Needle 
Area 
(in2)

lbs/in2 Date
Lbs 

Force

Needle 
Area 
(in2)

lbs/in2

6 6% PC 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
6% FA 8/8/2001 8/13/2001 120 0.05 2400 8/15/2001 160 0.05 3200 8/23/2001 180 0.05 3600
6% CKD 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
6% LKD 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 150 0.025 6000 8/23/2001 >200 0.025 8000

8 6% PC 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
6% FA 8/8/2001 8/13/2001 132 0.05 2640 8/15/2001 140 0.05 2800 8/23/2001 160 0.05 3200
6% CKD 8/8/2001 8/13/2001 136 0.05 2720 8/15/2001 170 0.05 3400 8/23/2001 180 0.025 7200
6% LKD 8/8/2001 8/13/2001 174 0.05 3480 8/15/2001 185 0.05 3700 8/23/2001 150 0.025 6000

57 6% PC 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
6% FA 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 160 0.025 6400 8/23/2001 >200 0.025 8000
6% CKD 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
6% LKD 8/8/2001 8/13/2001 >200 0.05 4000 8/15/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000

6 8% PC 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% FA 8/9/2001 8/13/2001 177 0.05 3540 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% CKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% LKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000

8 8% PC 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% FA 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% CKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% LKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000

57 8% PC 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% FA 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% CKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 >200 0.025 8000 8/23/2001 >200 0.025 8000
8% LKD 8/9/2001 8/13/2001 >200 0.05 4000 8/16/2001 196 0.025 7840 8/23/2001 >200 0.025 8000

Note:  shaded values are actually > than the value shown

DAY 4/5 DAY 7 DAY 14/15



PHASE 2 UNCONFINED COMPRESSIVE STRENGTH RESULTS

SWMU Mix Start Date Date
Lbs 

Force
Surface 

Area (in2)
lbs/in2

6 6% PC 08/08/01 08/17/01 3339 7.07 472
6% FA 08/08/01 08/17/01 492 7.07 70
6% CKD 08/08/01 08/17/01 1256 7.07 178
6% LKD 08/08/01 08/17/01 1187 7.07 168

8 6% PC 08/08/01 08/17/01 3900 7.07 552
6% FA 08/08/01 08/17/01 1157 7.07 164
6% CKD 08/08/01 08/17/01 921 7.07 130
6% LKD 08/08/01 08/17/01 1000 7.07 141

57 6% PC 08/08/01 08/17/01 2610 7.07 369
6% FA 08/08/01 08/17/01 799 7.07 113
6% CKD 08/08/01 08/17/01 950 7.07 134
6% LKD 08/08/01 08/17/01 407 7.07 58

SWMU Mix Start Date Date
Lbs 

Force
Surface 

Area (in2)
lbs/in2

6 8% PC 08/09/01 08/17/01 2890 7.07 409
8% FA 08/09/01 08/17/01 475 7.07 67
8% CKD 08/09/01 08/17/01 989 7.07 140
8% LKD 08/09/01 08/17/01 848 7.07 120

8 8% PC 08/09/01 08/17/01 3770 7.07 533
8% FA 08/09/01 08/17/01 1405 7.07 199
8% CKD 08/09/01 08/17/01 1062 7.07 150
8% LKD 08/09/01 08/17/01 771 7.07 109

57 8% PC 08/09/01 08/17/01 3310 7.07 468
8% FA 08/09/01 08/17/01 1068 7.07 151
8% CKD 08/09/01 08/17/01 896 7.07 127
8% LKD 08/09/01 08/17/01 612 7.07 87



PHASE 2 UNIT WEIGHT RESULTS

SWMU Mix Rep Start Date Wt        (g) Ht        (in)
Vol      
(in3)

Vol      
(cm3)

Unit Wt.      
(g/cm3)

Total 
Additive 

Ratio

Avg. 
Volume 
Change      

(%)
6 6% PC A 8/8/2001 737.4 3.0 21.2 347.5 2.12 0.14 -0.09

6% FA A 8/8/2001 774.6 3.0 21.2 347.5 2.23 0.14 -0.13
6% CKD A 8/8/2001 777.1 3.0 21.2 347.5 2.24 0.14 -0.13
6% LKD A 8/8/2001 737.4 3.0 21.2 347.5 2.12 0.14 -0.09

8 6% PC A 8/8/2001 742.3 3.0 21.2 347.5 2.14 0.14 -0.14
6% FA A 8/8/2001 743.4 3.0 21.2 347.5 2.14 0.13 -0.15
6% CKD A 8/8/2001 737.0 3.0 21.2 347.5 2.12 0.13 -0.14
6% LKD A 8/8/2001 747.0 3.0 21.2 347.5 2.15 0.14 -0.15

57 6% PC A 8/8/2001 734.1 3.0 21.2 347.5 2.11 0.14 -0.29
6% FA A 8/8/2001 738.2 3.0 21.2 347.5 2.12 0.13 -0.30
6% CKD A 8/8/2001 717.7 3.0 21.2 347.5 2.07 0.13 -0.28
6% LKD A 8/8/2001 739.0 3.0 21.2 347.5 2.13 0.14 -0.29

SWMU Mix Rep Start Date Wt        (g) Ht        (in)
Vol      
(in3)

Vol      
(cm3)

Unit Wt.      
(g/cm3)

Total 
Additive 

Ratio

Avg. 
Volume 
Change      

(%)
6 8% PC A 8/9/2001 736.5 3.0 21.2 347.5 2.12 0.16 -0.07

8% FA A 8/9/2001 750.1 3.0 21.2 347.5 2.16 0.16 -0.09
8% CKD A 8/9/2001 785.2 3.0 21.2 347.5 2.26 0.16 -0.13
8% LKD A 8/9/2001 724.1 3.0 21.2 347.5 2.08 0.16 -0.05

8 8% PC A 8/9/2001 734.3 3.0 21.2 347.5 2.11 0.16 -0.12
8% FA A 8/9/2001 776.3 3.0 21.2 347.5 2.23 0.16 -0.16
8% CKD A 8/9/2001 733.4 3.0 21.2 347.5 2.11 0.16 -0.12
8% LKD A 8/9/2001 738.0 3.0 21.2 347.5 2.12 0.16 -0.12

57 8% PC A 8/9/2001 734.1 3.0 21.2 347.5 2.11 0.16 -0.27
8% FA A 8/9/2001 734.7 3.0 21.2 347.5 2.11 0.16 -0.27
8% CKD A 8/9/2001 726.1 3.0 21.2 347.5 2.09 0.16 -0.27
8% LKD A 8/9/2001 734.5 3.0 21.2 347.5 2.11 0.16 -0.27

  Avg. Initial Bulk Density 
6 1.70
8 1.61

57 1.32
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Utah 

Under Utah law, fly ash, bottom ash, slag, and flue gas emission control waste are 
exempt from regulation as hazardous waste. These materials are also exempt from 
regulation as solid waste unless the waste causes a public nuisance or public health 
hazard or test results indicate the material is hazardous. Under Utah law, CCBs may 
be used for road sanding, sand blasting, road construction, railway ballast, 
construction fill, aggregate, and other construction-related purposes. 

Contact Information: 
Ralph Bohn 
Utah Department of Environmental Quality 
288 North 1460 West, P.O. Box 144880, Salt Lake City, UT 84114-4880 
Phone:  (801) 538-6170 
Email: rbohn@deq.state.ut.us 
Website: www.deq.state.ut.us 

Detailed Review of CCB Regulations: 
Under Utah law, fly ash, bottom ash, slag and flue gas emission control waste are 
exempt from regulation as hazardous waste. UAC 315-2-4. Fly ash, bottom ash, slag 
and flue gas emission control waste are also exempt from regulation as solid waste 
unless the waste causes a public nuisance or public health hazard or test results 
indicate the materials is hazardous. UTAH CODE ANN. §19-6-102(16)(b)(iii). 

Under Utah law, CCPs may be reused in the following applications: 

z Road sanding;  

z Sand blasting;  

z Road construction;  

z Railway ballast;  

z Construction fill;  

z Aggregate; and  

z Other construction-related purposes.  

UTAH CODE ANN. §19-6-102.1.  

Return to top of page Last Updated: 10/16/01

Return to Environmental & Water Resources Web 
Description | Utilization Research | Environmental Research | Consortium Projects | Regulatory Drivers  

In-House R&D | Links | Contacts | Site Index | Feedback | CCB Home  
Disclaimer | Privacy Statement 

2002 National Energy Technology Laboratory 
U.S. Department of Energy 
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ORIGIN 

Kiln dusts are fine by-products of Portland cement and lime high-temperature rotary kiln production 
operations that are captured in the air pollution control dust collection system (e.g., cyclones, electrostatic 
precipitators, and baghouses). 

Cement Kiln Dust  

Cement kiln dust (CKD) is a fine powdery material similar in appearance to Portland cement. Fresh cement 
kiln dusts can be classified as belonging to one of four categories, depending on the kiln process employed 
and the degree of separation in the dust collection system.(1) There are two types of cement kiln processes: 
wet-process kilns, which accept feed materials in a slurry form; and dry-process kilns, which accept feed 
materials in a dry, ground form. In each type of process the dust can be collected in two ways: (1) a portion 
of the dust can be separated and returned to the kiln from the dust collection system (e.g., cyclone) closest to 
the kiln, or (2) the total quantity of dust produced can be recycled or discarded. A simplified schematic of a 
Portland cement manufacturing operation is presented in Figure 8-1.  

The chemical and physical characteristics of CKD that is collected for use outside of the cement production 
facility will depend in great part on the method of dust collection employed at the facility. Free lime can be 
found in CKD, and its concentration is typically highest in the coarser particles captured closest to the kiln. 
Finer particles tend to exhibit higher concentrations of sulfates and alkalis. If the coarser particles are not 
separated out and returned to the kiln, the total dust will be higher in free lime (since it will contain some 
coarse particles). CKD from wet-process kilns also tends to be lower in calcium content than dust from dry-
process kilns.  

Approximately 12.9 million metric tons (14.2 million tons) of CKD are produced annually.(2) 

 

Lime Kiln Dust  

Lime kiln dust (LKD) is physically similar to cement kiln dust, but chemically quite different. LKD can vary 
chemically depending on whether high-calcium lime (chemical lime, hydrated lime, quicklime) or dolomitic 
lime is being manufactured.  

Fresh LKD can be divided into two categories based on relative reactivity, which is directly related to free 
lime and free magnesia content. Free lime and magnesia content are most dependent on whether the 
feedstock employed is calcitic or dolomitic limestone. LKD with a high free lime content IS highly reactive, 
producing an exothermic reaction upon addition of water. This "quick" LKD is of greatest commercial interest 
as a direct replacement or substitute for hydrated lime.  

  
Figure 8-1. Portland cement manufacturing operations.  

[ Asphalt Concrete ] [ Stabilized Base ]

KILN DUSTS Material Description
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Approximately 1.8 to 3.6 million metric tons (2 to 4 million tons) of LKD are generated each year in the United 
States.(3)  

In addition to fresh CKD and LKD production, it is estimated that the total amount of kiln dust currently 
stockpiled throughout the country exceeds close to 90 million metric tons (100 million tons). These stockpiles 
are usually located relatively close to the cement and lime manufacturing plants, and vary in age and 
composition, with exposure to the elements (moisture in particular) reducing the chemical reactivity of the 
dusts.  

CURRENT MANAGEMENT OPTIONS 

Recycling 

Most of the CKD produced is reused within the cement plant. About 64 percent of the total CKD generated 
(or about 8.3 million metric tons) is used in this fashion.(2) Approximately 6 percent of the total CKD 
generated is utilized off-site. The most common beneficial use of CKD is its use as a stabilizing agent for 
wastes, where its absorptive capacity and alkaline properties can reduce the moisture content, increase the 
bearing capacity, and provide an alkaline environment for waste materials.  

Both cement and lime kiln dusts have been used as stabilizing and solidifying agents in the treatment of soft 
or wet soils for engineering purposes(4) and for environmental remediation.(5) Both dusts have also been 
used as pozzolan initiators,(6) as a pelletized lightweight aggregate material, as a mineral filler in asphalt 
pavements, and as a fill material in earth embankments.  

A significant potential market for CKD and LKD exists for its use as a soil conditioner for agricultural 
purposes (in lieu of agricultural lime) and as an acid-neutralizing agent in agricultural and water treatment 
applications. However, at the present time, the EPA is evaluating the possible need to regulate the use of 
CKD in this application.  

In recent years hazardous waste has been used as a fuel in cement kiln operations. The use of waste 
materials in cement kiln operations has raised concerns regarding the accumulation of heavy metals (e.g., 
lead, cadmium, and chromium) in CKD generated by plants that use these alternative materials.(2) In 
addition, runoff and precipitation that contact CKD storage piles have exhibited pH levels above 12.5, which 
can be highly corrosive.(7) The EPA has expressed concern over uncontrolled transport, storage, and 
disposal of large volumes of CKD (in uncovered and unlined piles), which are easily removed by wind and 
eroded by water.  

In a recent regulatory determination, the EPA committed to the development of revised standards for 
managing CKD.(7) In this regulatory determination, EPA stated, with respect to beneficial uses, that "for most 
off-site uses (e.g., waste stabilization or certain construction uses) EPA’s current record indicates that there 
are no significant risks." This would not preclude the need to examine the chemical quality of CKD prior to its 
use.  

Disposal  

At the present time, approximately 80 percent of the surplus CKD remaining after reuse in cement 
manufacturing is stockpiled or landfilled.(2) Most of the LKD generated in the United States is currently 
disposed of in stockpiles or landfills.(3)  

MARKET SOURCES 

Kiln dusts may be obtained directly from Portland cement or hydrated lime producers. Waste management 
firms retained by the manufacturers may also supply cement and lime kiln dusts. 

The specific characteristics of the CKD and LKD vary from plant to plant depending on the feedstock 
employed at the cement or lime production plant, the major products being manufactured, kiln design and 
operation, fuel type, and the type of dust control/collection systems employed.  
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The primary value of cement and lime kiln dusts is their cementitious properties. Depending on the 
concentration of hydratable oxides present in the CKD and LKD, primarily unreacted or free lime (CaO) and 
free magnesia (MgO) respectively, cement kiln dust and lime kiln dust can be highly cementitious.  

Fresh CKD and LKD are generally difficult to handle in bulk because of their fine, dry, powdery nature and 
caustic characteristics. The addition of water to mitigate blowing and dusting problems during transport is 
common, but this practice causes premature hydration of the free lime or magnesia and significantly reduces 
the cementitious potential of the CKD or LKD. Where the CKD or LKD must be kept dry to preserve its 
cementitious potential, it must be handled in a fashion that is similar to conventional cement or lime 
(pneumatically loaded into and unloaded from cement tanker trucks and stored in silos).  

The processing of stockpiled CKD and LKD can be difficult. Typically, very large, above- ground stockpiles or 
backfilled quarries (source of raw product for cement manufacture) are involved, representing many years of 
cement or lime production. The surface of the stockpile or fill site usually crusts over and becomes hard, 
while the interior of the stockpile can stay relatively loose and can contain some unhydrated material even 
after many years if exposure to moisture is limited. Processing of hardened stockpiled kiln dusts requires 
crushing and screening equipment to remove oversize pieces as well as any litter or garbage (wood, etc.) 
that may have become mixed with the kiln dusts.  

HIGHWAY USES AND PROCESSING REQUIREMENTS 

Asphalt Concrete Mineral Filler 

CKD and LKD have been used as mineral filler in asphalt concrete mixes. The blending of CKD into the 
asphalt cement binder prior to incorporation with the hot mix aggregate results in a binder (mastic) that can 
significant-ly reduce asphalt cement requirements (between 15 and 25 percent by volume).(8) Further, the 
lime components of the CKD and LKD can assist in promoting stripping resistance (preventing moisture-
related damage resulting from the separation of the asphalt cement film from the aggregate at its interface in 
the presence of moisture that is most common in siliceous aggregates). In this application, these dusts can 
be used to replace hydrated lime or liquid antistripping agents.  

CKD can also be used as a replacement for Portland cement or hydrated lime in slurry seals (mix of fine 
aggregate and emulsified asphalt). Slurry seal mixes with 2 percent kiln dust prepared in the laboratory, 
using a stripping fine aggregate gave excellent results in abrasion resistance testing.(9)  

Asphalt Concrete Aggregate  

CKD and LKD can also be agglomerated or pelletized to produce an artificial aggregate for special 
applications. In Japan an oil-absorbing artificial aggregate is reportedly manufactured using CKD that is used 
to improve the rutting resistance of asphalt concrete pavements by absorbing the lighter fractions of excess 
asphalt cement binder during hot weather.  

Asphalt Cement Modifier  

CKD can be added to asphalt binder to produce a low ductile mastic asphalt. Mastic asphalt is a mixture of 
asphalt binder and fine mineral material. When mastic asphalt is produced using CKD mixed 50/50 with an 
asphalt cement binder, a potential exists for a relatively large volume replacement of asphalt cement 
(between 15 and 25 percent by volume). The European use of mastic asphalts, with low ductility, for bridge 
deck waterproofing and protection is well documented, and this could represent a potential application for kiln 
dusts in the United States.(10,11,12)  

Stabilized Base or Flowable Fill Cementitious Materials  

CKD can be used as a cementitious material or a pozzolan activator in stabilized base or flowable fill 
applications. LKD has potential for use as a pozzolan activator in each respective application. As a 
cementitious material, CKD can replace or be used in combination with Portland cement. As a pozzolan 
activator, both CKD and LKD can replace or be used in combination with Portland cement or hydrated lime.  
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MATERIAL PROPERTIES 

Physical Properties 

CKD and LKD are fine, powdery materials of relatively uniform size. Table 8-1 lists some typical physical 
properties of both cement and lime kiln dusts.  

Table 8-1. Typical range of physical properties of cement and lime kiln dusts.(7) 

Approximately 75 percent of the kiln dust particles are finer than 0.030 mm (No. 450 sieve). The fineness of 
kiln dust, as Portland cement, can be determined using the Blaine air permeability apparatus in accordance 
with ASTM C204.(13) 

The maximum particle size of most CKD is about 0.30 mm (No. 50 sieve), with the Blaine fineness ranging 
from about 4600 (coarser) to 14000 (finer) cm2/g.(1) LKD is generally somewhat more coarse than CKD, 
having a top size of about 2 mm (No. 10 sieve) and Blaine fineness ranging between about 1300 and 10000 
cm2/g. In comparison, the Blaine fineness of type Portland cement is about 3500 to 3800 cm2/g.(14)  

The specific gravity of CKD is typically in the range of 2.6 to 2.8, less than that of Portland cement (specific 
gravity of 3.15). LKD exhibits specific gravities ranging from 2.6 to 3.0.(1)  

Chemical Properties  

Chemically, CKD has a composition similar to conventional Portland cement. The principal constituents are 
compounds of lime, iron, silica and alumina. Table 8-2 lists typical compositions for fresh and stockpiled CKD 
and LKD.  

The free lime content of LKD can be significantly higher than that of CKD (up to about 40 percent), with 
calcium and magnesium carbonates as the principal mineral constituents.  

There is very little, if any, free lime or free magnesia content in stockpiled CKD and LKD that has been 
exposed to the environment for long periods.(1)  

The pH of CKD and LKD water mixtures is typically about 12. Both materials contain significant alkalis, and 
consequently are considered to be caustic. Due to the caustic nature of CKD and LKD, some corrosion of 
metals (e.g., aluminum) that come in direct contact with CKD and LKD may occur.  

Trace constituents in CKD (including certain trace metals such as cadmium, lead, and selenium, and 
radionuclides) are generally found in concentrations less than 0.05 percent by weight. Because some of 
these constituents are potentially toxic at low concentrations, it is important to assess their levels (and 
mobility or leachability) in CKD before considering its use.(7)  

Mechanical Properties  

CKD has a loose density of only about 480 kg/m3 (30 lb/ft3), but can be compacted to about 1350 to 1500 
kg/m3 (85 to 95 lb/ft3) using conventional soils compaction practices.(15)  

Property Value
 Cement Kiln Dust Lime Kiln Dust
Gradation 
75% passing

0.030 mm 
(No. 450 sieve)

0.030 mm 
(No. 450 sieve)

Maximum Particle Size 0.300 mm 
(No. 50 sieve)

2 mm 
(No. 10 sieve)

Specific Surface (cm2/g) 4600 - 14,000 1300 - 10,000

Specific Gravity 2.6 - 2.8 2.6 - 3.0
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Table 8-2. Typical chemical compositions of cement kiln dust and lime kiln dust.(1) 

REFERENCES 

1. Collins, R. J. and J. J. Emery. Kiln Dust-Fly Ash Systems for Highway Bases and Subbases. Federal 
Highway Administration, Report No. FHWA/RD-82/167, Washington, DC, September, 1983. 

2. U.S. Environmental Protection Agency. Report to Congress on Cement Kiln Dust. EPA 530-R-94-001, 
December, 1993. 

3. Collins R. J. and S. K. Ciesielski. Recycling and Use of Waste Materials and By-Products in Highway 
Construction. National Cooperative Highway Research Program Synthesis of Highway Practice 199, 
Transportation Research Board, Washington, DC, 1994. 

4. Davis, T.A. and D. B. Hooks. Study of the State of the Art of Disposal and Utilization of Waste Kiln 
Dust from the Cement Industry, Report of the U.S. EPA, Grant No. R-801872, Southern Research 
Institute, Birmingham, Alabama, 1974. 

5. MacKay, M. H. and J. J. Emery. "Stabilization/Solidification of Contaminated Soils and Sludges Using 
Cementitious Systems: Selected Case Histories," Transportation Research Record No. 14, 
Transportation Research Board, Washington, DC, 1994. 

6. "Cement Kiln Dust: Where Is It Going?," Pit & Quarry, July, 1983. 

7. Regulatory Determination on Cement Kiln Dust. Final Rule 60 FR 7375, February 7, 1995. 

8. Kraszewski, L. and J. Emery. "Use of Cement Kiln Dust as a Filler in Asphalt Mixes," Proceedings, 
ORF/CANMET Symposium on Mineral Fillers, Ontario Research Foundation and Canada Centre for 
Mineral and Energy Technology, Toronto, Canada, 1981. 

9. Emery, J. J. "Potential Uses for Kiln Dusts," Symposium on Mineral Fillers, Ontario Research 
Foundation, ORF/CANMET, Toronto, October 1981. 

10. FHWA. Stone Mastic Asphalt - SMA - Technology Synopsis and Work Plan, Draft, Federal Highway 
Administration, Washington, February 1991. 

11. AASHTO. 1990 European Asphalt Study Tour, American Association of State Highway and 
Transportation Officials, Washington, June 1991. 

Parameter

Cement Kiln Dust Lime Kiln Dust

Fresh
Stockpiled Fresh

Stockpiled
Sample 1 Sample 2 High* Low*

CaO 40.5 31.4 44.2 54.5 31.2 31.2

Free Lime 4.4 0.0 0.0 26.4 5.1 0.0

SiO2 14.5 11.7 11.9 9.94 2.46 1.74

Al2O3 4.10 3.18 3.24 4.16 0.74 0.71

MgO 1.55 0.97 1.73 0.49 23.5 23.3

Na2O 0.44 0.13 0.27 0.03 0.00 0.05

K2O 4.66 1.65 2.92 0.22 0.09 0.03

Fe2O3 2.00 2.16 1.45 1.98 0.94 1.3

SO3 6.50 8.24 2.40 7.97 2.80 3.5

Loss On Ignition, 
105°C 22.9 40.4 30.2 14.2 37.4 27.9

* Two types of lime kiln dust were classified in the reported data (high reactivity and low reactivity) on the basis of the release of heat and rise 
in temperature when placed in solution.
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Portland Cement 
The properties of concrete depend on the quantities and qualities of its components. Because cement is the 
most active component of concrete and usually has the greatest unit cost, its selection and proper use are 
important in obtaining most economically the balance of properties desired for any particular concrete mixture. 

Type I/II portland cements, which can provide adequate levels of strength and durability, are the most popular 
cements used by concrete producers. However, some applications require the use of other cements to provide 
higher levels of properties. The need for high-early strength cements in pavement repairs and the use of blended 
cements with aggregates susceptible to alkali-aggregate reactions are examples of such applications. 

It is essential that highway engineers select the type of cement that will obtain the best performance from the 
concrete. This choice involves the correct knowledge of the relationship between cement and performance and, 
in particular, between type of cement and durability of concrete. 

Portland Cement (ASTM Types) 

ASTM C 150 defines portland cement as "hydraulic cement (cement that not only hardens by reacting with water 
but also forms a water-resistant product) produced by pulverizing clinkers consisting essentially of hydraulic 
calcium silicates, usually containing one or more of the forms of calcium sulfate as an inter ground addition." 
Clinkers are nodules (diameters, 0.2-1.0 inch [5-25 mm]) of a sintered material that is produced when a raw 
mixture of predetermined composition is heated to high temperature. The low cost and widespread availability of 
the limestone, shales, and other naturally occurring materials make portland cement one of the lowest-cost 
materials widely used over the last century throughout the world. Concrete becomes one of the most versatile 
construction materials available in the world. 

The manufacture and composition of portland cements, hydration processes, and chemical and physical 
properties have been repeatedly studied and researched, with innumerable reports and papers written on all 
aspects of these properties. 

Types of Portland Cement.  

Different types of portland cement are manufactured to meet different physical and chemical requirements for 
specific purposes, such as durability and high-early strength. Eight types of cement are covered in ASTM C 150 
and AASHTO M 85. These types and brief descriptions of their uses are listed in Table 2.1. 

More than 92% of portland cement produced in the United States is Type I and II (or Type I/II); Type III accounts 
for about 3.5% of cement production (U.S. Dept. Int. 1989). Type IV cement is only available on special request, 
and Type V may also be difficult to obtain (less than 0.5% of production). 

Although IA, IIA, and IIIA (air-entraining cements) are available as options, concrete producers prefer to use an 
air-entraining admixture during concrete manufacture, where they can get better control in obtaining the desired 
air content. However, this kind of cements can be useful under conditions in which quality control is poor, 
particularly when no means of measuring the air content of fresh concrete is available (ACI Comm. 225R 1985; 
Nat. Mat. Ad. Board 1987). 

If a given type of cement is not available, comparable results can frequently be obtained by using modifications 
of available types. High-early strength concrete, for example, can be made by using a higher content of Type I 
when Type III cement is not available (Nat. Mat. Ad. Board 1987), or by using admixtures such as chemical 
accelerators or high-range water reducers (HRWR). The availability of portland cements will be affected for 
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To: Bryton Johnson - USACE, Technical Team Lead 
Sarah Gettier - URS 

Cc: Maryellen MacKenzie, USACE Project Manager 
 Pam Wehrmann – USACE, Senior Technical Chemist 
 April Fontaine – USACE, Technical Team Lead 
From: Carleton Fong - USACE, Project Chemist 
Date: January 07, 2002  
 
Subject: Data Quality and Usability Assessment For Analytical Data Generated 

From The Treatability Study At SWMUs 6 and 8  
 
A total of eight laboratory data packages were received representing the analytical data 
generated from the Treatability Study at SWMUs 6 and 8.  The data have been reviewed 
to assess overall data quality and data usability as related to the data quality objectives.  
The following text shall be incorporated into the Treatability Study Report as a section 
addressing the assessment of data quality and usability.  This text should be inserted prior 
to the section that discusses data interpretation. 
 
Section X:  Data Quality and Usability Assessment 
In addition to the laboratory Level 1 and 2 data reviews, 100 percent of the analytical 
data was reviewed by the USACE project chemist in order to assess data quality and 
usability.  For each analytical method, the following parameters were evaluated: 

•  Sample Preservation 
•  Holding Times 
•  Instrument Calibration (as presented in the laboratory narrative) 
•  Interference Check Samples (as applicable) 
•  Serial Dilutions (as applicable) 
•  Post Spikes (as applicable) 
•  Method Blanks 
•  Laboratory Control Spikes 
•  Matrix Spikes 
•  Matrix Duplicates 

 
For metals analysis by Method 6010B, several sample results were estimated due to the 
following minor quality control (QC) deficiencies:  improper sample preservation, matrix 
spike imprecision, low matrix spike recoveries, matrix duplicate imprecision, and 
positive detects in the continuing calibration blanks.   
 
For mercury analysis by Method SW7470B and pH analysis by Method SW9045C, a few 
sample results were estimated due to the following minor QC deficiencies:  improper 
temperature preservation and holding time expiration. 
 
The QC deficiencies are considered minor and do not impact data usability.  The data are 
considered usable for the intended purpose of evaluating the stabilization of lead during 
and after treatment.     
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